I. Introduction
Extensive study has been made of Hamiltonian dynamical systems which are 1 b .
. bl 1 c ose to emg Integra e.
The primary means is perturbation theory In the non-integrable piece of the Hamiltonian. Given H 1n the form ) the canonically conjugate action and angle variables for an M degree of freedom system, one attempts a power series expansion ink of any interesting physical quantity. The
KAtvl theorem is an exposition of the topological structure of phase space orbits based on a superconvergent form of perturbation theory in k. 2 The picture which emerges is one of regular orbits lying on invariant tori with interspersed irregular motion.
\Nhen k is large, the physical expectation Is that most orbits will become essentially chaotic and that memory of the integrable piece of H.) f/ 0 (.:.!}, will be hopelessly lost. In this paper we set up a formalism adapted to study systems like (1) when k is large. Our primary tool is an integral representation for the conditional probability tJ 2 that at t the system is at the point of phase space, given that it resided at J ) at We give the representation for for the actual flow __ ~n phase ?P~~ associated with H{g) and for the phase space volume preserving mapE_i_?g which takes the system across discrete jumps in time.
Chaotic behavior of the detennini stic system g1ven by (1) exhibits itself as an apparently random motion of orbits generated by the action of H. This intrinsic stochas is the main subject of study in the present paper.
It is possible that m addition to this intrinsic chaotic behavior there will be external noise which as extrinsic stochas This wi 11 also be
considered in the discussion of fluctuations is to smooth out the ! functions entering P(t/-hii ) .
These are a manifestation of the determinism in the dynamics. If one wishes to have a smooth transition from k=o (no intrinsic stochasticity) to k large, one can introduce these external fluctuations to keep all operations smooth. 3
If the "size" of the fluctuations is called , then for k>)tr" , all physical quantities should be smooth as In the opposite limit,
<<
intrinsic stochasticity should be unimportant and only the external random driving will be present.
In the next section we derive the representations for P(~,tht;t~) and discuss some of its properties. After that we turn to a model Hamiltonian of the form j.l.b
H, {~)
with two degrees of freedom to test our ideas. Our model is treated analytically as well as numerically.
II. Integral Representation of the Conditional Probability
We want to consider the conditional probability that the dynamical system governed by the Hamiltonian 
with
We may also write this as (17) We require, then, the elementary conditional probability --~J)
noting
To proceed we must discretize the equations of motion (9) 
in place of (9) 
as required for a conditional probability.
The passage to the limit fixed, requires N = (i-~'J/£ to become infinite. In this limit the representation (23) becomes a functional
where the denominator is a normalization factor required to maintain (24). 
or using (23) -Xs-1 + t: ~{r..r_,})
An approximation to thus yields an approximate value of
A quantity of physical interest is the direct "ff . 
In the discretized form we have (31) to replace (22). 
-9-which has clearly smoothed out the delta functions of the detenninistic system over a range in phase space of order for
For the calculations we will indicate below on Hamiltonians of the form the external noise will be unimportant in the limit of interest:
In this limit the intrinsic stochasticity of the orbits in phase space overwhelms the extrinsic stochasticity given by the external nmse
For studying both the and regimes, (35) will prove useful.
We do not consider it further here. 
, we write the equations of motion in the following discretized form
Also we have introduced the abbreviated nota-
This form of discretized motion defines a mapping from
which preserves volume in 2N dimensional phase space.
Our representation for the conditional probability comes from (23) and reads
The idea is to now represent each of the b functions in (38) by fourier series, For the evolution of the angle variables this is quite natural since they are defined to lie in the interval
(s):!::l-'
For actiOns to remain in a finite interval, we must require that the energy surface ~)
, on which the orbits lie, be bounded.
We restrict our attention to this case, Then if the highest power of 
II)
_., r -15-
The leading contributions to are
where ~ The initial condition enters only in terms not proportional to N and thus are absent in the limit, Equation (43), defining ) , This is actua11y a nice result for one would hope that diffusion in a chaotic system would be independent of one's starting point in phase space.
In Figures 7 and 8 we compare numerical ca1cu1ations for with -=1. 0 and E.= and 0.1 respectively with the asymptotic form of (54)
To return to the £-= o limit which gives us the original Hamiltonian flow is somewhat subtle. We take up that subject next.
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IV. The
Limit To this point we have focused our attention on the behavior of phase space volume preserving mappings such as Equations (36) and (37) which are derived from discretizing Hamiltonian flows, Our concentration has been on the limit where k, the "size" of the non-integrable part of the original Hamiltonian, becomes large while the time step E. remains fixed. To return to the actual flow we must investigate the limit of our methods.
It is clear from the representation of the conditional probability P(~;t as a product of delta functions or from the form of our expression Equation 
-17-1Ne know the function for and we wish to evaluate it for
Assuming this function has a finite limit we learn that (59) for the flow. Our expectation from the form of (54) is that for the particular problem at hand will be a function of the dimensionless quantity alone and wi 11 be absent.
Various methods are available for making the extrapolation from we have not yet undertaken this project for our model Hamiltonian. What is needed are many more terms of the series we have begun in (54); this work will be reported in a subsequent publication.
0,
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V. Conclusions
1~e have presented 1n this paper a method for evaluating physical properties of non-integrable Hamiltonian dynamics with when the parameter k is large. Our procedure requires the calculation of the conditional probability that the system is in at given it was in To determine for large k we put our system on a time "lattice" of spcing ~ between discrete time steps. This transforms the actual flow which occurs for £. ""'o into the volume preserving mapping, Equations (39) and (37). Fork large, L fixed we were able to give a procedure for evaluat1ng
I
The return to the actual flow at is subtle, and we have not yet explored the various existing approaches to that problem. The motion of a charged particle in an electrostatic field of eikonal form l·s f · t t · 1 h · 11 · a case o some 1n eres .. 1n p asma p ys1cs . The 11 free 11 motion is that of the oscillation center over which one can average to arrive at a mapping to be studied by the methods given here. iN< -l~'f>e -" The integration over initial angles 
